The objective of this study was to evaluate the technical and economic efficiency of different methods of cattle weighing, and to develop mathematical equations to estimate the breakeven point for the adoption of electronic weighing, i.e., to estimate how many animals are required for the acquisition and use of an electronic scale to be economically viable. The survey was conducted in confined beef cattle, from the Federal Institute of Education, Science and Technology in the south of Minas Gerais, IFSUL DE MINAS, Muzambinho Campus, from July to December 2014. Two methods of weighing cattle were evaluated: an electronic scale and a tape measure, using a barimetric tape for dairy cattle and a barimetric tape for beef cattle, and a conventional tape measure involving the conversion of centimeters into body weight using a specific table. Thirty-three animals identified with plastic ear tags were weighed using each method. Animals of the Nellore, Senepol, Girolando, and Red-angus breeds, aged 0-1, 1-2, and 2-3 years, were weighed 402 times in total. The time taken to weigh animals with the electronic scale was the lowest, followed by that with the barimetric tape, and that with conventional tape measure with conversion. The electronic scale exhibited the greatest technical efficiency, owing to the lack of error and the lowest time required to weigh animals. However, the costs associated with the use of this equipment were the highest, which depended on the purchasing cost. The mathematical equations developed will help technicians and cattle farmers to rapidly and precisely estimate the minimum number of animals that should compose a production system to ensure economic viability for the adoption of an electronic method to weigh cattle. 
Introduction
Livestock is associated with great social and economic importance in Brazil, and evidence indicates that this activity is growing in Brazil, both in terms of a producer of high-quality food, and as a source of foreign currency (CANESIN et al., 2007) . The Brazilian cattle herd reached 212.3 million livestock units in 2014. With this, Brazil remained in second placed in the global ranking, with the second largest cattle herd in the world, behind only India (IBGE, 2014) . Livestock is of fundamental importance for the Brazilian Agricultural Sector, considering that the activity is involved in the generation of income for many producers, and is also responsible for increasing the hiring the rural workforce (HOLANDA JÚNIOR; CAMPOS, 2003) .
Recording and controlling information help the producer to make decisions that guarantee the best administrative performance. From this information, the periodic weighing of animals is important within a production system, as a measure of the zootechnical control. Lopes (1997) stated that this allows prompt and correct decision making when it comes to the management of several points. Data regarding average daily weight gain allow prior knowledge of termination time and allow the development of breeding systems that optimize production, reduce costs, and improve the quality of the final product. In addition, they lead to improved nutrition, the evaluation of feed efficiency, the exact determination of medication doses, and assessment of animal health status. Body weight can also be used to identify weak animals, improve the efficiency of replacement heifer creation, and establish income (REIS et al., 2008) . Regarding genetic improvement, weighing is essential because, in selection programs, body size and measurements are directly related to animal weight. Morphometric measurements provide additional information that is useful for the determination of genetic trends and the phenotypic growth of animals over time (PACHECO et al., 2008) .
The lack of mechanical and electronic livestock scales in farms reduces the ability of some producers to monitor the development of animals and adapt management. To minimize such deficiency, tape measures can be used to predict body weight by means of a model that includes measures (LOPES; VIEIRA, 1998) . This requires more time and, consequently, a larger workforce, compared with the electronic method, which in turn requires higher investment. Therefore, a more efficient, reliable, and economically viable method is required.
Considering the different types of management and the possible use of equipment, the importance of weighing animals, which can be performed by different methods, and the lack of research that addresses this issue, especially the economic aspect, shows that further studies are needed. Thus, the objective of this study was to evaluate the technical and economic efficiency of different methods of cattle weighing, and to develop mathematical equations that allow the breakeven point to be estimated for the use of electronic weighing, i.e., to estimate how many animals are economically viable for the acquisition and use of an electronic scale. Specifically, the efficiency of different weighing methods was compared to evaluate the positional effect of animal members at the time of weighing, with barimetric tape. In addition, some advantages and limitations of each method are discussed to enables technicians and cattle farmers to choose the most efficient method of weighing cattle.
Materials and Methods
The research was carried out in the confined beef cattle sector, from the Federal Institute of Education, Science and Technology in the south of Minas Gerais, IFSUL DE MINAS, Muzambinho Campus, from July to December 2014. Two weighing methods were evaluated: an electronic scale and a tape measure, with a barimetric tape for dairy cattle and a barimetric tape for beef cattle, and a conventional tape measure that requires conversion of centimeters to body weight, using a specific table (LOPES; VIEIRA, 1998), four treatments were evaluated as follows: T1=electronic scale, T2=barimetric tape for dairy cattle, T3=barimetric tape for beef cattle, and T4=tape measure. Each method was applied to 33 animals, which were identified with plastic ear tags. Animals of the breeds Nellore, Senepol, Girolando, and Red-angus, and aged 0-1, 1-2, and 2-3 years were used. In total, animals were weighed 402 times.
In order to standardize the process, detailed instructions were provided and researchers were trained on the use of the electronic livestock scales and tapes before the weighing procedures were initiated. For data collection and animal management, the team included six people: two to record the animal weighing time, one to record the data, and three to manage the animals in the trunk, cattle crush, as well as the weighing. The weighing procedures were performed by the same researcher, in order to avoid any influence at the time of weighing. The researcher read the weight on an electronic scale, measured the thoracic perimeter of the animal, and read the weight obtained by the tape. Two researchers recorded the time, using two stopwatches, to decrease the chance of error. The stopwatches began timing when the cattle were led to the cattle chute, continued timing during the entire weighing procedure, and were only stopped after notes had been made in the field book and the animal had completely left the trunk, as recommended by Lopes et al. (2013) .
Animals were taken to the management stable and, from there, to the collective trunk, for subsequent weighing. Recommended "rational management" was followed, as developed through the study of animal behavior to promote more efficient management, using the behavioral characteristics of animals and respecting their senses (rational management), with the goal of minimizing damage and stress to cattle and humans (BARBALHO, 2007) . The animals were weighed considering the four treatments. The order in which each treatment was performed was changed each day at random. A specific field notebook for data annotation was used for each treatment.
When animals were weighed using the electronic scale, they were moved from a handling corral to a collective trunk and then to the containment trunk, where an electronic scale was installed (COIMMA ® ). After weighing the scale, each animal was weighed individually. After the beep that indicated the weight was stabilized, the researcher recorded the reading in the specific field book.
A similar procedure was used to weigh animals using barimetric tape, including both the tape for dairy cattle and the tape for beef cattle. The animal was contained in the trunk and then a researcher measured the thoracic perimeter using the tape. To measure the thoracic perimeter, the tape was placed around the chest, passing around the part of the bovine where the saddle is fitted and turning back perpendicular to the line of the animal's dorsum, as recommended by Pacheco et al. (2008) . The researcher read the weight and then recorded it in the specific field book.
When weighing with a tape measure, the procedure was the same as that used for weighing with barimetric tape, except when the stopwatches were interrupted, which occurred after the conversion of the measurement in cm into body weight using the conversion table proposed by Lopes and Vieira (1998) . The researcher read and recorded the weight.
For each animal weighed with tape, the position of the head and lower members was recorded to evaluate the influence of animal position on weight. The following options were considered: aligned members, non-aligned members, correct head, head down, and head up. This is justified because, according to the companies that sell the tapes, the animals must have their lower members lined up and their head in the normal position at the time of weighing for greater precision.
In order to evaluate the economic feasibility of each method, the operational cost methodology used by Lopes et al. (2013) was adopted, considering the expenditure on workforce, i.e., the value of the hours paid to workers involved in the activity, from the total of added hours necessary for weighing with each method, and the depreciation of the equipment used in weighing, considering that the electronic scale and the tapes will be used in several production cycles. In this study, no other materials made up the total operating cost, and only the depreciation was considered; this was estimated using the straight-line method (HOFFMANN et al., 1981) . Based on these values, an economic feasibility analysis of investment was performed for the purchase of electronic scale, by estimating the net present value (NPV), the internal rate of return (IRR), and the payback, as described by Casarotto Filho and Kopittke (2010) . In order to estimate these values and to calculate the cash flow, the investment in the electronic scale (R$ 8,000,00) was considered an output and, the economy in work force when using the electronic equipment was the input. That is: the quantity of animals that should be weighed to make the purchase of the electronic scale economically viable will be defined in terms of annual depreciation of an electronic scale, the value spent on labor involved in weighing an animal using the tape method and the electronic scale method.
Using the studies of Lopes et al. (2012 Lopes et al. ( , 2017 as a reference, mathematical equations were developed. From these, we can estimate the minimum number of animals necessary for the electronic weighing method to be economically viable in the management of the cattle production system, and the number of times that animals should be weighed over 1 year, depending on the system of production.
To assess the differences in time spent (seconds) and the error (%) in successive weightings performed using barimetric tape in dairy and beef cattle, and conventional metric, compared with the electronic scale (error of weighing, %) (dependent variables) between cattle and different age (0-1;1-2; 2-3 years) and genetic groups (Nelore, Red Angus, and Senepol) (independent variables), in addition to the interaction between these factors, analyses of variance (ANOVA) with three factors, followed by multiple comparison test of Bonferroni correction were performed. It was the ANOVA regardless of the violation of the test assumptions, due to its high robustness (ability to maintain the test power), when the sample is large enough and balanced among the treatments (PESTANA; GAGEIRO, 2010) . For each model of ANOVA, a minimum test power (>0.8) was observed, in order to ensure confidence in the results of the analysis, as well as the measurement of the correlational effects, i.e., the fraction of the total variability of the dependent variable that is explained by the factor under study, by means of the partial Eta 2 (MAROCO, 2010).
Comparisons of the different head positions (correct position, downward, or upward) and members (aligned or misaligned), in relation to the error (%) associated with use of barimetric tape in beef cattle, dairy cattle, and conventional measures were made, by means of ANOVA and Student's t-test, after verifying the normality of the data distribution the variable error (%) between the categories of head and member positions. To analyze the relationship between the weight (kg) measured by the barimetric tapes (dairy and beef cattle) and the conventional metric, in relation to the electronic scale, Spearman tests were performed. A minimum confidence level of 95% was considered. The database was constructed and statistical analyzes were performed using the software SPSS® 20.0 (IBM SPSS, 2011).
Results and Discussion
There was a significant difference (P<0.05) in the time spent weighing cattle between the electronic scale and tape methods, while the tape methods do not differ among themselves (P>0.05) (Table 1) , with a size of partial Eta 2 = 0.294; Maroco (2010) stated that this value can be considered average. The electronic scale was the most efficient method, and was on average 32.9 seconds faster than the barimetric tape, and 35.9 seconds faster than the measuring tape, permitting faster animal handling, with low workforce expenditure. There were no differences in time spent among the different genetic groups and the age ranges of evaluated bovine (P>0.05). Nelore, Senepol, Girolando, and Red-angus. Age and breed were not significant in this ANOVA model (P >0.05). ** significant (P < 0.05) *** and (P < 0.01) by ANOVA followed by Bonferroni tests. Means followed by the same letter do not differ among themselves.
Regarding the time taken to determine weight with tapes, the use of an American fixed containment trunk (COIMMA ® ) at the time of weighing should be considered, as it facilitates management, since this type of trunk allows complete animal immobilization. The possibility of completely immobilizing the animal promotes the use of tapes for weighing management, especially when animals of zebu breeds are handled, representing most animals in beef cattle production systems in Brazil. Fordyce et al. (1984) observed a more docile temper in taurine breeds compared with zebu animals. The use of this type of trunk may have favored the reduced weighing time with tape. When weighing with an electronic scale, according to Lopes (1997) , there is no need for complete animal containment. When the weighing tapes are used for dairy cattle, with specialized breeds, such as the Dutch, management requires the use of a trunk, as these breeds are more docile. Therefore, the availability of a containment trunk during weighing increases management efficiency, especially when complete animal mobilization is necessary. Training staff how to weigh, use tapes, and convert centimeters into body weight, may also have positively influenced the weighing time. Although there was no significant difference, the time taken to use the tape measure may have been numerically high due to consultation with the table when converting centimeters to live bodyweight.
Animals were weighed with a specific barimetric tape for dairy and beef cattle. In a study on the prediction of body weight from body measurements in mongrel Dutch animals, Gir and Kings, Reis et al. (2008) found that animal weight can be estimated by a model that includes body measurements, with the thoracic perimeter as an explanatory variable that contributes most to the adhesion of the model. According to Pacheco et al. (2008) , there is a high correlation between the thoracic circumference and weight (r=0.97), and those authors suggest using this measure as an estimate of animal body weight, which indicates that race influenced the occurrence of error.
In a study on morphometric measurements, Pacheco et al. (2008) found a high and favorable correlation between body weight and thoracic circumference, making its use possible, with tape as a method to estimate the animals' thoracic perimeter. Pacheco et al. (2008) also found that the correlation between morphometric measurements (objective measures) and the thoracic perimeter was high and significant (P<0.01), ranging between 0.76 and 0.98, when it represented the thoracic perimeter in Guzera bulls and the weight found with tape was highly correlated with that observed on a mechanical balance (0.98).
Use of barimetric tape in beef cattle was not statistically correlated with any other method of weight determination. Using Spearman correlation, a significant positive correlation was found between barimetric tape in dairy cattle (P=0.007; r=0.237), and conventional metrics (P=0.032; r=0.189) and the electronic scale. A significant correlation was also observed between barimetric tapes for dairy cattle and conventional metrics (P=0.000; r=0.475).
A weak correlation was found between barimetric tape for dairy cattle and a conventional tape measure, and between these and the electronic scale. Significant results (P<0.01) were also found by Pacheco et al. (2008) , when correlating animal weight measured in conventional scales and that obtained with barimetric tape; however, in addition to being significant, the correlation was also high, ranging from 0.76 to 0.98, which differs from the results of the present study, in which a weak correlation was observed. This difference may be due to the use of an electronic scale, which is more precise than the mechanical livestock scale, as used by the aforementioned authors. Contreras et al. (2012) also showed a highly significant phenotypic correlation between body weight and all morphological characteristics studied (r=0.93; P<0.001), with the thoracic perimeter being the best indicator of body weight.
The mean difference (error) between the results obtained with the electronic scale and the tapes was-10.82% (±5.35), when considering all of the genetic groups studied (Table 2) The manufacturers of the barimetric tape note that the weighing error may be up to ±5% (BOVITEC ® ).
Regarding the weighing efficiency (%), significant differences were observed (P<0.01) between the weight obtained by barimetric tapes for dairy and beef cattle, and the weight obtained by electronic scale among the genetic groups, specifically between Red Angus (mean = -12.2 ± 5.1%), Nelore (mean = -9.6 ± 5.1%), and Red Angus and Senepol (mean= -8.6 ± 4.6%). The size of the effect of genetic group (partial Eta 2 = 0.085) can be considered average (MAROCO, 2010) , which indicates that despite genetic group influencing differences in cattle weighing, other factors not evaluated in the present study may have a greater influence on measurement errors in cattle weight when using tapes. There was no difference in the relative error between the different methods of weight measurement in terms of the electronic scale and age ranges of cattle evaluated (P>0.05). Different results were observed by Mourão et al. (2010) , who found no significant differences (P<0.05) between the genetic groups Nelore and F1 × Limosin for most of the assessments measured, and a significant difference (P<0.05) was found only for the length of the dorsum-loin and the cushion thickness. The appropriateness of genetic group in relation to the barimetric tape, which is specific to the fitness of each breed, whether dairy or beef, indicates that the objective is to decrease the difference among weights found regarding the electronic scale. The implication of this adaptation is due, especially, to the breed size, whether small, medium, or large. This information is contained in the tapes available on the market, which can cause differences in the values obtained for weights, if not answered such specification, which also decreases the weighing difference compared with an electronic scale. Heinrichs et al. (1992) noted that the weight regressions on body measurements and the accuracy of the estimate can be influenced by breed, age, body condition, and the physiological state of the animal. Understanding the limitations of weight measurements obtained with tapes will help in future decisions, including the interpretation of data collected by means of weighing tapes (HEINRICHS et al., 2007) .
When the body weight obtained with the use of the tapes were analyzed, there was no significant difference (P>0.05) with that obtained by the electronic scale, in terms of the position of the head (mean= 10.7 ± 4.2%), whether it was down (mean = 9.0 ± 3.4%) or upwards (mean= 11.6 ± 6.0%), or between the members, whether aligned (mean = 10.5 ± 4,0%) or misaligned (mean= 9.8 ± 4.6%), at the time of weighing. This shows that it is not necessary to line up the front legs and no time should be invested in this practice, being an advantage, since it may decrease the weighing time with consequent labor economy.
In addition, there is a greater possibility of error when using a conventional tape measure, due to the need to use a table to convert centimeters into weight, since the barimetric tape already shows the animal weight without the need to consult the table. The use of the tapes is also associated with the possibility of error of weight annotating in the sheets or spreadsheets what, this research, did not occur. The electronic scale can increase the reliability of data collection throughout the weighing process, since weight is determined without the need for physical contact between the operator and the animal. Contrary to the use of barimetric tape, which also requires the person who is perming this handling, attention must be given to the use of an appropriate tape based on the genetic group or fitness of the animal. The use of tapes for weighing is associated with a lower purchase cost, but may require greater costs in terms of a workforce that can easily be trained. A limit of this method is the high number of errors; therefore, the reliability of such information is limited due to errors in the workforce or in the appropriate use of breeds for the barimetric tape or conversion table used.
Due to a lack of adequate equipment, many producers do not regularly weigh their animals. Many estimate animal weight based on visual appearance. Despite the only cost being that associated with the workforce, there is a high possibility of errors; this is because it is quite subjective and large differences can occur between the estimated and the actual weight. Mechanical scales have been used frequently in some production systems, while the use of electronic scales has been less frequent.
The depreciation of the fixed cost of electronic scales is high, which highlights the need for equipment optimization, as this cost is independent of the quantity of heavy animals. The higher cost of electronic equipment, involving animal precision Zootechnics, according to Lopes et al. (2013) , may make it use impossible in many settings. To make the use of electronic equipment viable, it is necessary to evaluate the technological level and quantity of animals, to ensure that the costs associated with the equipment can be "diluted " with the optimized use of the workforce. This demonstrates the importance of detailed studies on cost estimate, and the effective disbursements as well as equipment depreciation should be considered during the decision-making process. The higher the number of animals, the greater the annual depreciation of equipment will be diluted, with less representation in the unit cost. According to Lopes et al. (2006) , an increase in the scale of production significantly influences the depreciation represented in the total fixed cost and total cost, by optimizing the infrastructure of the company. The values considered in this study are presented in Table 3 . Electronic weighing of animals could be more profitable if associated with electronic identification and management of flockmonitoring software, eliminating reading errors that occur during the transcription of spreadsheets, individual sheets, and from typing, reducing the time taken to complete the task and increasing reliability, resulting in greater efficiency of the whole system. Knowing the annual depreciation of an electronic scale, it is also important to know whether its purchase is economically viable. To estimate the minimum number of animals that should be weighed to ensure that the purchase of the equipment is economically viable, the equation developed by Lopes et al. (2017) was used as a reference, and adapted to form equation 1 (Eq. 1). Considering the difference between the amount spent on the workforce when determining animal weight by the tape and electronic scale methods, as well as the number of times that the animals will be weighed and the annual value of the depreciation of an electronic scale, the minimum quantity of animals that the cattle farmer must have to justify, economically, the electronic scale purchase was estimated. In other words, the equation developed is a function of the annual depreciation of an electronic scale, of the amount spent on the workforce, and the number of times that the animals are weighed during animal husbandry practice adopted in the production system.
(2017) was used as a reference, and adapted to form equation 1 (Eq. 1). Considering the difference between the amount spent on the workforce when determining animal weight by the tape and electronic scale methods, as well as the number of times that the animals will be weighed and the annual value of the depreciation of an electronic scale, the minimum quantity of animals that the cattle farmer must have to justify, economically, the electronic scale purchase was estimated. In other words, the equation developed is a function of the annual depreciation of an electronic scale, of the amount spent on the workforce, and the number of times that the animals are weighed during animal husbandry practice adopted in the production system.
QA= quantity of animals that should be weighed to ensure economicviability of the electronic scale purchase; MO method with tape = value spent on the workforce involved in weighing animals using the method with tape, in R$.
MO electronic scale = value spent on the workforce involved in weighing animals using the method with electronic scale, in R$. QP = number of times that animals are to be weighed per year, depending on the management adopted during cattle raising.
In the present study, considering the average data collected in animals weighed with tape, electronic scale and the insertion of the respective values in equation 1, the minimum number of animals needed to make the electronic scale purchase viable would be 16,043, considering that the animals should be weighed at least once during the year. In production systems that require animals to be weighed more than once per year, the minimum number of animals needed to ensure the purchase of electronic scales is economically viable will be reduced. This equation will assist cattle farmers and technicians to estimate this, and permitting in decision-making.
Considering that the minimum number of weighed animals is a function of the annual depreciation of an electronic scale and the amount spent on workforce, the cattle farmer has some alternatives to reduce this amount. The main measure would be to reduce the purchase value of the weighing equipment, which will reflect the depreciation value, and may be obtained through market research (budgeting) (LOPES et al., 2013) . Another crucial point that must be considered is the depreciation of weighing equipment. The value of the weighing electronics is far superior to that of the other materials. However, there are advantages when the animal weights are read, especially concerning the reliability of the information, as well as the reading time, which will be reflected in the reduced cost of the workforce.
To estimate the minimum number of animal weighings needed to make the purchase of an electronic scale economically viable, equation 2 was developed (Eq. 2). As with Eq. 1, the equation developed by Lopes et al. (2017) was taken as a reference and adapted. That is, considering the difference between the amount spent on the use of electronic scales, the difference between the amount spent on the workforce, in cases when animals were weighed by the conventional method and the electronic scale, the minimum number of times that animals need to be weighed was estimated to ensure the economic viability of adopting electronic scales. QP = number of times that animals should be weighed, within a period of 1 year, depending on the production system of, to make the electronic scale purchase economically viable.
COT of electronic scale = value of the operating cost of the electronic scale, in R$.
COT method with tape = value of the total operating cost associated with tape, in R$.
MO method with tape = value spent on the workforce involved in animal weighing using tape, and note-taking in a field notebook, in R$.
MO electronic scale = value spent on the workforce involved in animalweighing using an electronic scale, in R$.
workforce, in cases when animals were weighed by the conventional method and the electronic scale, the minimum number of times that animals need to be weighed was estimated to ensure the economic viability of adopting electronic scales. QP = number of times that animals should be weighed, within a period of 1 year, depending on the production system of, to make the electronic scale purchase economically viable.
MO method with tape = value spent on the workforce involved in animal weighing using tape, and notetaking in a field notebook, in R$.
After the insertion of the respective values into Eq. 2, the number of times that the animals should be weighed to ensure the economic viability of the electronic scale, replacing the different methods of weighing animals using tape, would be 1.00 and 1.07 for measuring and barimetric tape, respectively, in flocks with 16,032 and 17,660 animals, considering one weighing per year in the two methods. In production systems where animals are weighed more often, or when the flock includes a large number of animals, the economic viability of the electronic scale purchase will be reduced. In production systems where there is a need to weigh the animals with less frequency, or the number of animals in the herd does not enable the electronic scale to be purchased, the adoption of the barimetric tape or conventional tape measure can be of great benefit to the producers and technicians when monitoring animal performance.
The equations developed are important because, with the necessary data collected in their production system, cattle ranchers can estimate the minimum number of animals needed to make the purchase of an electronic scale economically viable, considering the number of successive weighings each year. These will be helpful for decision taking.
Some economic indicators were estimated (payback, or return time on invested capital; NPV, and After the insertion of the respective values into Eq. 2, the number of times that the animals should be weighed to ensure the economic viability of the electronic scale, replacing the different methods of weighing animals using tape, would be 1.00 and 1.07 for measuring and barimetric tape, respectively, in flocks with 16,032 and 17,660 animals, considering one weighing per year in the two methods. In production systems where animals are weighed more often, or when the flock includes a large number of animals, the economic viability of the electronic scale purchase will be reduced. In production systems where there is a need to weigh the animals with less frequency, or the number of animals in the herd does not enable the electronic scale to be purchased, the adoption of the barimetric tape or conventional tape measure can be of great benefit to the producers and technicians when monitoring animal performance.
The equations developed are important because, with the necessary data collected in their production system, cattle ranchers can estimate the minimum number of animals needed to make the purchase of minimum number of times that animals need to be weighed was estimated to ensure the economic viability of adopting electronic scales. QP = number of times that animals should be weighed, within a period of 1 year, depending on the production system of, to make the electronic scale purchase economically viable.
Some economic indicators were estimated (payback, or return time on invested capital; NPV, and an electronic scale economically viable, considering the number of successive weighings each year. These will be helpful for decision taking.
Some economic indicators were estimated (payback, or return time on invested capital; NPV, and IRR) for the investment made in an electronic scale comparing scenarios in which conventional methods of would be replaced by an electronic scale. Considering only the payback, and the animals being weighed once each year, the adoption of an electronic scale is justified with a minimum number of 16,032 animals, if the tape-measure method to is being replaced. If animals are weighed three times per year, the number of animals decreases to 5,344 (Table 4) . The values are smaller when this method is used because, according to Lopes et al. (2013) , it requires a larger workforce and more time. In relation to the barimetric tape methods, the minimum number of animals would be 17,660 and 5,887, respectively, when weighed one or three times per year. These results show that the higher the demand for labor, the more justified the automation. Thus, as the number of animals increases, the indicators of economic viability improve considerably, justifying the investment in technology. This is because the internal rates of return on capital were higher in scenarios involving 15,000 animals, compared with those involving 5,000 animals. In both scenarios, when animals are weighed three times per year, were higher than the minimum rate of attractiveness that, in this study, it was estimated at 6% per year (Table 4) . Based on an investment analysis according to Casarotto Filho and Kopittke (2010) , internal rates of return higher than the minimum rate of attractiveness indicate that the investment is economically viable.
The payback is considered the simplest known method for the economic evaluation of projects, which is be used to estimate the time necessary to recover the invested capital in a particular activity, regardless of the interest rate used (CONTADOR, 1997) . In this study, the period required between the initial investment and the time at which the net accumulated profit equals the value of the investment will be 10 years, considering the electronic scale as an investment, and comparing with the barimetric tape. Compared with the measuring tape, the net profit equals the investment over 10 years, which consists of the lifetime of the electronic scale;10 years, one weighing per year, and a minimum number of 16,032 and 17,660 animals, respectively. IRR (Internal rate of return), which makes the present value of future profits equivalent to the expenditure of the project, and indicates the rate of return on capital invested (FRIZZONE; SILVEIRA, 2000) , is 0.0% in both cases.
Considering the minimum number of animals that should be weighed to make the purchase of an electronic scale viable, the value of the VPL was R$6,822.23 (Table 4) , in both cases with the minimum number of animals. According to the VPL, the investment is economically viable and the investor will not lose any assets. The investment is profitable from the moment that the property contains a population of animals greater than the minimum number presented, because, in this case, the effective rate of return will be greater than the rate of return on an investment fixed in advance. The investment becomes viable as the number of animals weighed is increased, and the benefits of an electronic scale for the management of animals should be considered, as weight can be obtained without the necessity of contact at the time of weighing.
Conclusions
Among the methods analyzed, the electronic scale was found to have the highest technical efficiency, as less time is needed to determine animal weight, and the transcription of weight in a database is highly efficient, with no errors made, regardless of race and/or suitability (dairy or beef). However, the cost of utilizing the electronic method was higher, mainly due to the cost of purchasing the equipment.
Animal genetics influence the occurrence of errors when cattle are weighed using the barimetric tape method. This suggests that the barimetric tape for dairy cattle should be used considering the breeds, as well as the size of the breed, while the barimetric tape for beef cattle should be used to weigh breeds for meat production.
The mathematical equations developed should assist technicians and cattle farmers to estimate with precision and timeliness, the minimum number of animals that should compose a production system to ensure the economic viability of adopting an electronic method for animal weighing.
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